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conditions.” What is crucial is not the ALT level but
whether to treat the patient if his/her liver disease is not
severe.

Future antiviral therapy for hepatitis C

IFN plus ribavirin combination therapy brought about
substantial improvement in comparison with the 1FN
therapy introduced in the 1990s. This combination may
lead to high viral climination primarily because it de-
creases the incidence of relapse in patients who have
become HCV-negative during the therapy. According
to an analysis of patient characteristics by the aforemen-
tioned Japanese clinical study* of PEG-IFNo.-2b plus
ribavirin combination therapy for genotype 1b patients
with high viral load, SVR rates in treatment-naive pa-
tients, relapscrs, and nonresponders were 43.1% (59/
137 patients) 62.6% (57/91 patients), and 19.2 (5/26 pa-
tients), respectively. The fact that relapsers achieved
higher SVR rates than treatment-naive patients sug-
gests that PEG-IFN plus ribavirin combination therapy
maximizes the therapeutic effect of IFN and encourages
complete viral elimination in IFN-responding patients.
On the other hand, the low SVR rate in nonresponders
indicates that PEG-IFN plus ribavirin combination
therapy is not always useful in patients who do not
respond to IFN. To improve SVR rates in such patients,
more-effective antiviral agents other than IFN must be
developed. Furthermore, as described earlier, PEG-
IFN plus ribavirin combination therapy induces a vari-
ety of adverse effects. Clearly, safer and better tolerated
therapies are needed.

Promising agents for future anti-HCV therapics arc
classified as HCV-specific inhibitors targeting its pro-
tease and polymerase activities, IFN inducers, or less-
toxic ribavirin-like agents. A number of drugs are in
preclinical or clinical trials.

HCV protease inhibitors

HCV encodes at least four enzymes required for virus
replication. They include NS2/3 autoprotease, NS3
helicase, NS3/4A serine protease, and NS5B RNA-
dependent RNA polymerase. Intensive work on devel-
oping specific inhibitors has focused on the last two.
SCH 503034 is a novel, orally active HCV protease
inhibitor that exhibits potent and specific antiviral activ-
ity in HCV replicon assays. Recently, a phase 1b clinical
trial was conducted for both monotherapy™ and combi-
nation therapy with PEG-IFNo-2b* SCH 503034
exhibited dose-dependent HCV antiviral activity in
genotype 1 patients in whom PEG-IFN therapy had
previously been unsuccessful. In combination with
PEG-IFNa-2b, SCH 503034 had at least an additive

effect on HCV suppression. VX-950 is an orally admin-
istered highly selective peptidomimetic inhibitor of
HCV NS3/4A protease. In a phase 1b clinical trial. VX-
950 was well tolerated for 5 to 14 days in both hcalthy
subjects and patients with viral genotype 1, with no
serious adverse effects. VX-950 showed a 4.4-log reduc-
tion in median HCV RNA at the end of 14 days of
therapy.™

In addition of its critical role in virus replication. the
NS3/4A proteasc also plays a role in suppressing the
cellular antiviral response. Active NS3/4A prevents
the phosphorylation and activation of interferon regula-
tory factor (IRF)-3 and the triggering of downstream
IFN-induced antiviral effector genes. " IRF-3 activity
has been shown to be restored by a HCV protease
inhibitor. Thus, an ecffective protease inhibitor may
block not only RNA replication but also the ability of
HCV to evade innate antiviral responscs.

HCV polymerase inhibitors

Valopicitabine (NM283) is a 3’-valyl prodrug of a
nucleoside analog that cxhibits anti-HCV activity via
inhibition of viral RNA polymerase. Valopicitabine
is currently in phase 2 clinical development for the
treatment of chronic hepatitis C. In a phase 2a trial,
valopicitabine demonstrated potent anti-HCV activity
when administered in combination with PEG-IFNo-2b,
with 4.5-log serum HCV RNA reduction at 6 months
and no obvious viral breakthroughs. In a phase 2b clini-
cal trial, the combination therapy was also ecffective
for patients previously unresponsive to PEG-IFN and
ribavirin combination therapy.™

Since HCV has a higher intrinsic mutation rate than
HIV, resistance is expected to be a problem with the use
of any type of HCV-specific inhibitor targeting NS3/4A
or NS5B proteins. To suppress the risk of a possible
escape mutant, combination therapy with PEG-IFN
may be better than monotherapy because the former
can more efficiently suppress the levels of HCV replica-
tion. In the future, a combination of two or three differ-
ent types of HCV inhibitors may offer a promising
approach, similar to HIV cocktail therapy.

Iimmune modulators

Successful spontaneous clearance of HCV infection is
thought to require both innate (e.g.. direct antiviral
activities by cytokines and natural killer cells) and
adaptive (T cell-mediated) immune responses. Chronic
HCV infection is characterized by an inadequate im-
mune response that fails to clear the virus.™ Immune
modulators, alone or in combination with direct antivi-
ral agents such as IFN and HCV inhibitors. represent a
possibie opportunity to improve HCV clearance.
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CPG 10101 is a synthetic agonist of toll-like receptor
(TLR) 9. HCV-infected patients receiving CPG 10101
subcutaneously had a more than I-log reduction in
HCV viral load while on therapy.®® Further develop-
ment of this agent will continue in conjunction with
PEG-IFN and ribavirin.

Isatorbine is a TLR7 agonist. In a proof-of-concept
clinical study, intravenous injection of isatorbine
once daily for 7 days to patients chronically infected
with HCV vyielded a significant reduction of serum
HCV RNA that correlated with induction of 2/,5-
oligoadenylate synthetase. Recently, the orally avail-
able prodrug of isatorbine, ANA975, was developed
and studied in healthy phasc | volunteers and showed
promising pharmacokinetics and tolerability.”!

Ribavirin-like agents

The addition of ribavirin to TFN therapy more than
doubled the SVR rate, although its mechanism of action
is unknown.®> Furthermore, higher doses of ribavirin
clearly improved response rates in genotype 1 pa-
tients.** However, ribavirin-induced hemolytic anemia
is a major obstacle to implementation of a higher
dosage regimen and limits its use in patients with
comorbidities. To develop a better tolerated combina-
tion therapy, ribavirin-like agents lacking a hemolytic
effect are needed. Viramidine is a ribavirin prodrug that
is metabolized primarily in the liver. In a phase 2 study,

RVR: HCV RNA negative at
4 weeks of therapy

EVR: HCV RNA 2 log drop
or negative at 12
weeks of therapy

Fig. 3. Various treatment regimens of
pegylated IFN and ribavirin combina-
tion therapy. RVR, rapid virologic re-
sponse:; EVR, early virologic response

fewer patients receiving viramidine developed anemia
compared with those given ribavirin, but they also
showed lower SVR rates.”* Phase 3 trials have been
undertaken of both PEG-TFNo-2a and PEG-IFNo-2b
combined with viramidine in comparison with the com-
bination with ribavirin.

Conclusion: viewpoints other than SVR

IFN treatment of patients with chronic hepatitis C were
initially based on observations of its biochemical effects,
before the discovery of HCV. Subsequently, evaluation
of SVR at 6 months after stopping therapy as a clear end
point made it possible to assess therapeutic results in a
scientific manner. IFN therapy has been developing
over the past decade, with the aim of improving the
SVR rate, and higher rates are expected to be achieved
with new. more specific antiviral agents.

The question arises as to what the ultimate purpose of
hepatitis C treatment is. The answer is that it is the
prevention of liver-related death of HCV-infected pa-
tients by suppressing progression to decompensated
liver discase and liver carcinogenesis (Fig. 4), meaning
that hepatitis C is not just an infectious disease, but a
potentially serious liver disease. From this point of view,
SVR is no more than a surrogate marker——albeit a very
strong one—to improve the prognosis of HCV-infected
patients. Hepatocellular cancer occurs cven in patients
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who have experienced SVR, although its incidence
is substantially lower in those patients than that in
untreated patients or nonresponders. Thus, routine
hepatocellular cancer screening is essential even after
patients have experienced SVR, and early treatment is
indispensable if it occurs. On the other hand, the cumu-
lative incidence of hepatocellular carcinoma is clearly
suppressed around half in even relapsers at least for 5
years after the termination of therapy compared with
that in untreated patients.”® Therefore, the therapeutic
effect of IFN therapy should be evaluated not only on
the basis of the SVR rate but also from the more impor-
tant viewpoint of inhibition of hepatocellular cancer. In
this context, repeated IFN therapy, for example every 5
years, for relapsers, and long-term, low-dose IFN
therapy for nonresponders should also be considered
until a new era dawns of treating hepatitis C with novel
anti-HCV agents.
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Abstract

Recent studies indicate that genotypes of hepatitis
B virus (HBV) are closely associated with pathogenesis
and clinical outcome in HBV related liver diseases.
However, the prevalence of these HBV genotypes and
clinical features in HBV carriers remain unclear. From
1977 to 2004, a health-screening program in Iwate
Prefecture identified 6,711 HBV carriers. A sample of
661 cases (male, 343; female, 318) was extracted
using a stratified random sampling method. In
addition, further 30 HBV carriers complicated with
HCC during long-term follow-up were identified from
the registration system for cancer patients of Iwate
Prefecture, and they were enrolled in the study. HBV
genotypes were determined using an enzyme linked
immunosorbent assay kit. Distribution of HBV
genotypes showed 19 (2.9%) with genotype A, 297

(44.9%) with genotype B, and 345 (52.2%) with
genotype C. In 30 cases with HCC, genotype B and
genotype G were 30% and 70%, respectively. HBV
genotypes are closely associated with age, positive
rate of HB e antigen (HBeAg), and fluctuation of
serum alanine aminotransferase (ALT) levels during
a follow-up. Cases that developed HCC with genotype
B were found to be significantly older compared to
genotype C. In conclusion, the prevalence of
genotypes B and C were equal in HBV carriers residing
in Iwate Prefecture. Differences between HBV
genotypes, in particular genotypes B and C, were
closely associated with positive rate of HBeAg,
fluctuating serum ALT levels, and clinical outcomes of
these carriers.

Key words : health-screening, HBV carrier residents, HBY genotype,
HB e antigen, hepatocellular carcinoma

1. Introduction
In Asian and African countries, Hepatitis B
virus (HBV) infection is still a major cause of

acute hepatitis (AH) and various forms of
chronic infection, including asymptomatic
HBV carrier state, chronic hepatitis (CH),
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liver cirrhosis (LC), and hepatocellular
carcinoma (HCC), because infection occurs
predominantly through perinatal transmission

to babies from carrier mothers who are
" positive for hepatitis B e antigen (HBeAg)
in serum or through horizontal spread during
infancy. Eight genotypes of HBV from A to H
are currently recognized'' ?’ and have
distinct geographical distributions® 7). In
general, while genotypes B and C frequently

4-6)

occur in Asia , genotypes A and D are

common in Western countries .

In Japanese
patients with chronic HBV infection, the
geographic distribution of genotypes B and C
also differs among regions of Japan®’. In
particular, genotype B is relatively frequent in
the Tohoku region (the northern part of
mainland Japan), which includes Iwate
Prefecture, compared to other regions except
the Okinawa region. Many recent studies
have shown that HBV genotypes are closely
associated with clinical manifestations and
outcome in patients with acute or chronic

liver diseases®'%,

Furthermore, recent
reports have also demonstrated that the
differences between genotypes B and C, and
subtypes of genotype B are considered as

causative agents of HCCS ¥,

However,
these data were primarily obtained from
inpatients and outpatients who visited one
hospital.

Approximately one million people are
estimated to be HBV carriers in Japan. The
majority of these HBV carriers are receiving
no medical treatment or follow-up care. A
small number of these HBV carriers who are
HBeAg positive or have abnormal levels of
serum alanine aminotransferase ALT are
recognized as a high-risk group for developing
CH and LC or HCC S 419 However, to ensure

precise health management for all HBV
carriers, it is important to clarify the
differences between clinical characteristics of
all HBV carriers with different genotypes.

In the present study, we clarify: 1) the
prevalence of HBV genotypes in HBV carriers
identified during a health-screening program
in Iwate Prefecture; 2) the relationship
between HBV genotypes and age; 3) the
relationship betwgen HBV genotypes and rate
of positive HBeAg and changes of serum
transaminase levels during long-term follow-
up; and 4} the prevalence of HBV genotypes
and the clinical profiles of HBV carriers
complicated with hepatocellular carcinoma

during a long-term follow-up.

II. Subjects and Methods

1. Subjects

From 1977 to 2004, a total of 381,601
Japanese residents (male: 172,961; female:
208,640) of Iwate Prefecture received a
health screen at the institute of Iwate Healthy
Science Association. Among these individuals,
6,711 residents (male: 3,576; female: 3,135)
were diagnosed as HBV carriers. Using the
stratified random sampling method, 661 HBV
carriers (male: 343; female: 318) were
recruited into samples of approximately equal
age and number of individuals for a follow-up
every six months or annually by the Iwate
Healthy Science Association until 2004.
Further 60 HBV carriers complicated with
HCC during a follow-up were also recruited
from the Registration System for Cancer
Patients of Iwate Prefecture. However, only
30 cases with HCC were examined in this
study because blood samples could not be
obtained from all cases.

Dermographic information for HBV carriers
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Table 1. Demographics of HBV carriers with or without HCC

Cases without HCC

Cases with HCC

Total number of HBV carriers

Sex (male:female)

Median age (years, range)
Male
Female

Median follow-up period (years, range}
Male
Female

Serum transaminase levels (mean + SD)
AST (IU/L)
ALT (TU/L)

661 30
343:318 21:9
419 (16~80) 474 (35~67)
413 (16~75) 47.0 (35~65)
429 (19~80) 486 (35~67)
10 ( 2~26) 8 (2~15)
9 (2~26) 8 (2~15)
10 (2~26) "9 (4~13)
24.2 + 23.0% 54.3 + 41.2
20.9 + 23.6+ 38.3 4+ 33.3

*p<0.05 (compared to cases with HCG)

with or without HCG are shown in Table 1 .

The study protocol was approved by the
Human Ethics Review Committee of Iwate
Medical University, and was permitted by the
Committee of Iwate Health Service
Association and Iwate Medical Association.

2. Methods

We used the initial serum samples for
determination of HBV genotypes which were
stored at —20°C in the institute of Iwate
Health Service Association.

HBV genotypes were determined using an
enzyme linked immunosorbent assay (ELISA)
kit (Institute of Immunology Co., Ltd., Tokyo,
Japan) according to the method previously
reported by Usuda, et al'”, Briefly, 101 ofa
serum sample was placed on a plate fixed
with monoclonal antibodies against epitope b
(located in the pre-S antigen of HBV, and
common to all genotypes) , epitope m
(specific to genotype B), and epitopes , s
and u (associated with several genotypes). A
reactive enzyme was then added for color
development, and absorbency was measured
to determine HBV genotype.

HBsAg was determined using commercial

hemagglutination assay kits (MyCell, Institute
of Immunology Co. Ltd., Tokyo, Japan) .
HBeAg and anti-HB e antibody (anti-HBe)
were also determined using commercial
enzyme immunoassay kits.

Serum levels of ALT, asparate aminotransferase
(AST) and y -glutamyltransferase (y -GTP)
were examined using a routine automatic
analyzer,

3. Statistical analysis

Data are expressed as mean*standard
deviation(SD) or median (range) . Comparisons
between the groups were performed by Chi-
square test of Fisher's exact test.
Probabilities of less than 0.05 were considered
statistically significant.

III. Results
1. Distribution of HBV genotypes and
their relationship with age
Of 680 cases, 19 (2.9%) were genotype A,
297 (44.9%) were genotype B, and 345
(52.2%) were genotype C. The 30 cases with
HCC showed 9 (30%) cases of genotype B
and 21 (70%) cases of genotype C. Genotype
A was not detected in HCC cases.
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Table 2. The relationship between positive rate of HBeAg in each genotype and age at first examination

Genotype A Genotype B Genotype C

Total numbers 19 297 345

Sex (male:female) 13:6 157:140 173:172
Numbers of HBeAg positive (%) # 0 (0 11(3.7) 115(33.3) *+, #x

Sex (male:female) 0:0 8:3 66:49

>29 years 0 (0) 7(24.1) 29 (43.9)

30 ~39 0 (0) 2(3.3) 37 (33.0)

40 ~49 0 (0 0(0) , 28 (28.9)

50 ~59 0 (0) 1(1.2) 13 (26.5)

60 ~69 ‘ 0 (0) 1(2.9) 7(36.8)

70< 0 (0) 0(0) ' 1(50.0)
Liver function tests

AST (IU/L) 224 + 111 25.8 £ 12.7 33.8 4+ 29.9% *

ALT (IU/L) 29.3 + 22.1 27.7 £ 175 40.8 + 50.0

g-GTP (IU/L) 294 + 223 28.9 £ 40.9 36.2 £47.2

* *p<0.01 (compared to genotypes A and B, respectively)

*+* %4 < 0.001 (compared to genotypes A and B, respectively)
# Percentage is the rate of HBeAg positive cases among the total number of HBV carriers in each age group

The relationship between each HBV
genotype and age is shown in Figure 1. When
the age of HBV carriers was compared based
on age in 2003, genotype A was found only in
the 20~30-year-old carriers. The rate of
genotype B gradually increased as age
increased and was the highest in carriers over
70 years old. The rate of genotype C was
higher in 40 to 60 years old, but lower in

carriers over 70 years old.

2. Positive rate of HBeAg in each HBV

genotype

The positive rate of HBeAg for each
genotype of HBV was 0% in genotype A, 3.7%
in genotype B and 33.3% in genotype C. The
positive rate of HBeAg in genotype C was
significantly higher (p<0.001) than that in
genotypes A and B. The relationship between

100%

-

L*L_L

L

LS

0%

B8 genotypeA

genotypeB

L B ‘:; [} genotypeG

s
~29  30~38

40~49 50~59 60~B9 70~79 80~89 90~99(year)

Fig. 1. The relationship between each HBV genotype and age
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Table 3. Profiles of HCC cases with genotype B or G

Genotype B (9) Genotype G (21)
Age developed to HCC (years) 64 o+ 13* 52.7 £ 9
Nurnbers of HBeAg positive (%) - 0(0%) 6(27.3%)
Serum ALT levels during follow-up 394 + 228 65.5 + 52.8

*p<0.05 (compared to genotype C)

the positive rate of HBeAg in genotypes B and
C and age is shown in Table 2. In 20- to 30-
year-old genotype B carriers, 11 carriers
exhibited a relatively higher positive rate of
HBeAg. On the other hand, in genotype C,
the percentages of HBeAg positive cases were
higher than genotype B at all ages, in
particular, in the carriers in their 20s.

3. Changes in the HBeAg/anti-HBe
system in genotype B and C carriers
during follow-up

Six (54.5%) of 11 genotype B carriers who

were positive for HBeAg at the first
examination seroconverted to anti-HBe
during follow-up, while 5 (45.5%) carriers
remained HBeAg positive during follow-up.
Of the 115 genotype C carriers who were
positive for HBeAg at the first examination, 24
(20.9%) carriers seroconverted to anti-HBe
and 12 (10.4%) carriers were positive for
alternately between HBeAg and anti-HBe,
while 79 (68.7%) carriers remained HBeAg
positive during follow-up. Duration until the
seroconversion from HBeAg to anti-HBe was
4.5+2.3 years (range; 2 ~ 8 years) in
genotype B, and 6.0:£4.2 years ( 1 ~15 years)
in genotype C.

4. Relationship between HBV genotypes
and serum ALT levels during follow-up

Serum ALT levels during a long-term

follow-up were compared among the three
HBV genotypes. Serum ALT levels of each
HBV genotype were 29.3+£22.1 IU/L in

genotype A, 27.7417.5 TU/L in genotype B,
40.850.0 IU/L in genotype C. The levels of
serum ALT in the genotype C were
significantly higher {p<0.05) than those of
genotype B, but no significant differences
were observed between genotypes A and B.

5. Analysis of HBV carriers complicated

with HCC

Comparison between HCC cases with
genotype B or C is shown in Table 3. Cases
with genotype B were significantly older
compared to the cases with genotype C. Al
cases with genotype B exhibited a negative
rate of HBeAg at the start of follow-up, while
HBeAg was positive in 27.3% of cases with
genotype C. Serum ALT levels during follow-
up were significantly higher in genotype G
than in genotype B.

IV. Discussion

In Iwate Prefecture, the immunoprophylaxis
of perinatal transmission of HBV was started
in 1981 and covered more than 60% of all
babies by 1986 when it became a mandatory
national program'®. Briefly, 20.7% of HBV
carrier mothers were positive for HBsAg and
their babies received immunoprophylaxis. As
a result of this program, the prevalence of
HBsAg decreased from 0.75% in children born
between 1978 and 1980 to 0.23% in those born
between 1981 and 1985, and further to 0.04%
in those born between 1986 and 1990.
Therefore, it is believed that the prevention of
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perinatal HBV transmission influences not
only mother-to-baby transmission but also
horizontal transmission from HBV carrier
children who might be infected during
infancy. However, there are still many HBV
carriers who have not received
immunoprophylaxis under the national
program for prevention of HBV infection.

Among the HBV carriers residing in Japan,
a small number of HBeAg positive carriers or
carriers with abnormal levels of serum ALT
are recognized as a high-risk group for
developing CH and LC or HCC® 119,
However, clinical features and outcome in the
majority of HBV carriers with different HBV
subtypes remain unclarified.

In this large-scale survey three genotypes
were found among HBV carriers residing in
Iwate Prefecture who were identified during a
health-screening program between 1977 and
2004. HBV genotypes B and C were the most
cémmon, followed by genotype A. In a
previously published report by Orito and
colleaguesa), concerning the geographic
distribution of HBV genotypes among patients
with chronic liver disease in Japan, the
prevalence of genotype B in the Tohoku area
including Iwate Prefecture was reported to be
higher (22.9%) than that of the other
mainland areas. However, the rate of HBV
genotype B in this study was higher than
expected (44.5%), even if a high rate of HBV
genotype B was considered to be endemic in
the Tohoku area. A possible reason for this is
that our subjects lived without any medical
management.

Generally, in HBV carrier residents with
genotype B, seroconversion from HBeAg to
anti-HBe occurs at a young age (10-20 years
after birth) , resulting in stabilization of liver

function. Therefore, the majority of HBV
genotype B carriers live as asymptomatic
carriers who do not require medical
management or follow~up‘6). Actually, the
positive rate of HBeAg in carrier residents
with genotype B was extremely low compared
to carrier residents with genotype C at the
start of follow-up. On the other hand, it has
been found that seroconversion from HBeAg
to anti-HBe at a young age is not frequent in
genotype C carriers, and in most patients
abnormal serum ALT levels remain®' ¢ %
Therefore, the HBV carriers with genotype C
have many opportunities to visit the "hospital
and receive the medical management,
resulting in high prevalence of genotype C. In
the present study, the prevalence in every age
group of genotype C carriers were
significantly lower than rates of anti-HBe of
genotype B carriers, while the serum AST and
ALT levels were higher in genotype C.

1.9 previously showed that the

Ishikawa, et a
seroconversion from HBeAg to anti-HBe was
less likely to occur in genotype C carriers,
especially in carriers in their 40s. These
subjects were also more likely to develop
chronic liver disease, because their serum
transaminase levels fluctuated and their HBV-
DNA levels were high.

Interestingly, in the present study we found
that the prevalence rate of genotype A was
relatively high among young people from 20 to
30 years old. Genotype A is the predominant
genotype in Europe and the United States?.
A previous report concerning the geographic
distribution of HBV genotypes in Japan
showed a low prevalence rate (1.7%) of HBV
genotype A®). A recent report has suggested
that acute hepatitis patients infected with
HBV genotype A often transfer to a persistent
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HBV carrier state!®.

Also, in Europe, most
HBYV infections are genotypes A and D, and
significantly more genotype A carriers
developed chronic liver disease when
compared with genotype D carriers®. The
reason for the increased prevalence rate of
genotype A in Iwate Prefecture among the
young generation is unclear, and it is
" therefore necessary to follow these carriers
over the long term.

HBV is one of the major causative agents of
HCC in Japan. In particular, HBV genotypes
B and C are frequently seen in patients with
HCC. Previous reports in Japan showed that
the mean age is higher in HCC patients with
genotype B than in those with genotype C,
although results in Taiwan and another Asian

countries are controversial > ¥,

In general,
genotype B is less prevalent than genotype C
among patients with liver cirrhosis, because
HBV genotype B is associated with earlier
seroconversion from HBeAg to the
corresponding anti-HBe and with lower
histological activity scores. In the present
study, we also demonstrated that HBV
carriers with genotype B and HCC were
significantly older than cases with genotype
C. In addition, genotype B carriers showed
lower serum ALT levels during follow-up than
genotype C carriers. Therefore, these results
suggest that genotype C carriers might have a
tendency for persistent fluctuation of
abnormal serum ALT levels over the long-
term, accelerating the development of HCC.
Recently, lamivudine, an oral cytosine
nucleoside analogue, which potently inhibits
HBV replication by interfering with HBV
reverse transcriptase activity, has been used
clinically for the treatment of chronic HBV

21-23)

infection This therapy for chronic HBV

infection induced a marked decrease in HBV-
DNA and ALT levels, resulting in histological
improvement, although lamivudine iresistant
HBV strains have appeared in long-term
“4.2) " Therefore, this

therapy is expected to change the natural

lamivudine therapy

course of HBV carriers with persistent
abnormal liver function.

In conclusion, the prevalence of genotypes
B and C were equal in HBV: carriers residing
in Iwate Prefecture. Differences between
HBV genotypes, in particular genotypes B and
C, were closely associated with positive rate
of HBeAg, fluctuating serum ALT levels, and
clinical outcomes of these carriers.

The authors would like to thank Prof. S. Horiuchi
( Department of Biochemistry, Iwate Medical
University, School of Medicine) for her helpful advice
and comments.

NE B ,

BEUFF4 Y 4 VA (HBY) 1213 8 D0z
FH (A~H) 2HEL TV 52, HBVH v
U 7 EROBEF B  HRE 50 ik
B Twhw, 22T, BETLEY IS
ICHBVH v U 7 O#EETFI & F ORI
THRET L7, BFETFHERHS THRV Y v
)7 LM ENIZ66160 & BT E RS EE
£ 0 FFHIAERE CIBT AN RERR & M7= 3061 4 i 5
& L7z BIEFROWEIIELISAE /2,
EFROUBV v ) 7RO BIZ T 4K
W, BEEFEEEREOBHBEEAL L, A
W20~ 30 TOAZED LR, BId708LL L
THEC, CIR40~60Rft T8 % 5o
7z, BBIEFRIOHBeHUE B RO HEF 1
CHA, BEIOEERTH -7z, RBBELMH
DMIEALTIEIE, C2%, A, BUHEKLCAHE
WEETH o 72, FFRBITIBTORIMRELR
MO L THEEICEITH D, B
AR o IEALTE b RIETH - 72,
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Abstract

Hepatitis B virus (HBV) genotypes B (HBV/B) and C {(HBV/
C) are prevalent in Asia. Recently HBV/B has been clas-
sified into two subtypes, HBV/Ba which is ubiquitously
found in Asia, and HBV/Bj which is specific in Japan. In
addition, the frequency of positive HBeAg has heen re-
ported to be higher in patients with HBV/Ba than those
with HBV/Bj. However, little is known about the differ-
ences between patients with various genotypes who de-
veloped hepatocelular carcinoma (HCC). In 296 serum
samples of HCC patients collected from all over Japan,
HBV genotypes were determined with the restriction

fragment length polymorphism. HBV/A was detected in
1.0%, HBV/Ba in 4.4%, HBV/Bj in 7.4%, and HBV/C in
86.5%. in the Tohoku district and Okinawa, HBV/Ba, HBV/
Bj and HBV/C were found in 6.7, 40.0 and 48.9%, com-
paredt04.0, 1.6 and 93.2% in the other districts in Japan.
HBV/Bj patients were more frequently found in the group
older than 65 years while HBV/Ba patients were found in
all age groups. The frequency of positive HBeAg in HBV/
Bj patients was significantly low compared to that in the
other patients. More than 60% of the patients with HCC
had cirrhosis as the underlying liver diseases. However,
in HBV/Ba patients aged 50 years or younger, 80% of
them had chronic hepatitis, while 87.56% of those aged
older than 50 years had cirrhosis. These data suggest
that great differences exist among patients with HCC in-
fected with different genotypes.
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Introduction

In Japan, in more than two thirds of the patients with
hepatocellular carcinoma (HCC) the disease is associated
with hepatitis C virus (HCV). However, hepatitis B virus
(HBV) is the major causative agent of HCC in Asian
countries. All strains of HBV isolated from various coun-
trics can be classified into 8 HBV genotypes, HBV geno-
type A (HBV/A) to HBV/H, according to their phyloge-
netic relationships [1-3]. It has been reported that the
clinical and virologic manifestations of patients with
chronic HBV infection show significant differences
among the different HBV genotypes [4-6]. In addition,
specific distributions of HBV genotypes have been dem-
onstrated among areas and countries {4, 7]. In south-east
Asian countries, such as Japan, Taiwan, or China, HBV/
B and HBV/C are prevalent [5, 7, 8].

In Japanese patients with HCC, the patients with
HBV/B arc rare and their mean age is high [7, 9]. How-
ever, in Taiwanese patients with HCC, a high proportion
of younger patients have HBV/B. Until fiow, it is still un-
clear why younger Taiwanese patients with HBV/B de-
velop HCC while Japanese patients with HBV/B rarely
develop HCC, only in older age.

Recently, we demonstrated that HBV/B strains should
be divided into two subtypes, HBV/Ba and HBV/Bj, ac-
cording to their genetic relationship, and that HBV/Ba is
found ubiquitously in Asian countries while HBV/Bj is
found only in Japan {10, 11]. It was reported that HBeAg
was found more frequently in patients with chronic infec-
tion with HBV/Ba than in those with chronic infection
with HBV/Bj (32 vs. 9%) [12]. However, it is still un-
known whether etiological and virologic differences are
found between the HCC patients with HBV/Baand HBV/
Bj. Thus, in the patients with HCC, the difference be-
tween the subtypes of HBV/Ba and HBV/Bj might ex-
plain the etiological or clinical differences between Japan
and Asia where HBV/Bj and HBV/Ba are endemic, re-
spectively.

So, the aim of this study was to investigate the differ-
ences in the etiological, virologic and clinical character-
istics among Japanese HCC patients with different HBV
genotypes, such as HBV/Ba, HBV/Bj or HBV/C.

Patients and Methods

Patients with HCC

Two hundred and ninety-six patients with HCC were consecu-
tively collected from 19 hospitals throughout Japan during January
2001 to December 2002. All the patients were chronically positive
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for HBsAg, and negative for anti-HDV, anti-HCV and anti-HIV.
The diagnosis of HCC was reached clinically with ultrasound, com-
puterized tomography, magnetic resonance imaging, angiography,
tumor markers and biopsy if possible. The diagnoses of chronic
hepatitis (CH) and liver cirrhosis (LC) were principally done by
liver biopsy. Howcever, a proportion of paticnts with ascitcs, jaun-
dice or scvere thrombocytopenia were diagnosed by ultrasound,
computcrized tomography and liver function tests. The scrum sam-
ples and clinical data were collected from these patients with writ-
ten informed consent. This study was conducted according to the
ethical guidelines in our hospitals.

Virologic Assays

In all serum samples, HBsAg (CLIA, Fujirebio, Japan, detection
limit 0.13 ng/ml), HBeAg (CLIA, Fujirebio, Japan) and anti-HBe
(CLIA) were tested. Serum HBV DNA was detected by nested poly-
merasc chain reaction (PCR) with the primers derived from the S
gene. The paticnts were not enrolled in this study if the serum HBV
DNA was not detected by PCR. The HBV genotype was deter-
mined by restriction fragment length polymorphism as described
previously [13]. In bricf, the S gene of HBV DNA was amplificd by
nested PCR. Then the products were sequentially digested by the
restriction enzyme, AIwl, Earl, Hphl, Neil and NlalV, respectively.
The HBV genotype was determined by the size of the digested PCR
product which was electrophoresed on agarose gel. When the test
results were inconclusive, the sequences of the S region were deter-
mined directly, then the genotype was decided by phylogenetic
analysis [13, 14]. When paticnts were found to have HBV/B, the
subtypes Ba and Bj were determined by restriction fragment length
polymorphism [11]. In bricf, at nucleotidc position 1838 in the pre-
core region, only A was found in paticnts with HBV/Ba whilc only
G was found in those with HBV/Bj. The restriction enzyme detee-
tion system was established targeting the discrimination of this dif-
ference in nucleotides with the restriction enzyme, Spel and Msel
after the pre-core region was amplified by PCR.

Statistical Analysis
The data were statistically analyzed by Student’s t test, non-
parametric Mann-Whitney test, and X2 test where appropriate. A

* p value of <0.05 was regarded as statistically significant.

Results

HBYV Genotvpes and Clinical Findings

Ofthe 296 patients, 223 were male and 73 were female.
The mean age was 55.1 + 10.8 (range 26-81) years. The
clinical findings are shown in table 1. Thirty-five percent
of the patients were positive for HBeAg. Regarding the
HBV genotypes, 3 patients (1.0%) were HBV/A, 13 (4.4%)
HBV/Ba, 22 (7.4%) HBV/Bj, 256 (86.5%) HBV/C, and 2
(0.7%) of mixed genotype (HBV/B and C). The clinical
findings by HBV genotype are shown in table 2. There
were no significant differences in the mean levels of total
bilirubin, AST and ALT among patients with different
HBV genotypes. However, the mean ALP level and y-
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Fig. 1. The geographic distribution of HBV
genotypes in Japan. In the Tohoku district,
the northern area of mainland Japan, and
Okinawa, the most southern islands, 48.9%
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Table 1. Characteristics of 296 HBsAg-pos-
itive Japanese patients with HCC collected
from all over Japan

Male:female 223:73
Age, years 55.1+10.82
Total bilirubin, mg/dl 1.5+1.9
AST, TU/ 78.5+103.9
ALT, U/ 63.0%£69.8
ALP, TUN 321.1£225.4
¥-GTP, 1U/I 108.4£174.4
HBeAg, % positive 35.0
Anti-HBe, % positive 64.8
HBY genotype
HBV/A 3 (1.0%)
HBV/Ba 13 (4.4%)
HBV/Bj 22 (7.4%)
HBV/C 256 (86.5%)
Mix 2 (0.7%)
iMean % SD.

GTP level of the HBV/C patients was significantly higher
than those with HBV/Ba and HBV/Bj, respectively (p <
0.05).

Geographic Distribution of HBV Genotypes

The geographic distribution of HBV genotypes was
area-specific in Japan (fig. 1). This specific distribution of
HCC patients was in accord with that of all the patients
including asymptomatic carriers, CH and LC patients, as

HCC and HBV Genotypes in Japan

Table 2. Clinical findings of thc HCC paticnts with HBV genotypes
of Ba, Bjor C

HBYV genotype
. Ba By C
Age, years 55.4+129 666106 54.0+10.7
L i J
p<0.0l p<0.0!
Total bilirubin, mg/dl 1.0+0.4 1.2+0.7 1.5+20
AST, U/l 173.9+352.6 51.6+42.1 82.6+113.4
ALT, 1U/ 102441629 339+168  66.5274.9
ALP, U/ 147.7+£126.6 209.8+954 343.9+238.0
L j
p <0.05
¥-GTP, U/ 78.6+55.9 63.1+459 110.5+186.7
O
p <0.05

described previously [7]. Namely, in the Tohoku district,
the northern area of the Japanese mainland, and Okina-
wa, the most southern islands, 22 (48.9%) of HCC pa-
tients were HBV/C, 3 (6.7%) were HBV/Ba, and 18
(40.0%) were HBV/B;j. In contrast, in other areas of Ja-
pan, Hokkaido, Honshu, Shikoku and Kyushu, 234
(93.2%) were HBV/C, 10 (4.0%) were HBV/Ba, and 4
(1.6%) were HBV/Bj (p < 0.01).
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Fig. 2. The distribution of HBV genotypes in each age group. In
groups aged 35 years or younger, 36=50 ycars, and 51-65 years,
morc than 90% of HCC patients had HBV/C. On the other hand,
in the group aged older than 65 years, only 61.8% of paticnts had
HBV/C while 30.9% had HBV/Bj (* p<0.01, group aged older than
65 years vs. other age groups). More patients with HBV/Ba were in
the younger aged group, although the number of paticnts with
HBV/Ba was small in all the groups.
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Fig. 3. The frequency of patients with positive HBeAg in cach HBV
genotype. The frequency of positive FTBcAg was 4.8% in paticnts
with HBV/Bj, compared with 39.4% in those with HBV/C (Bj vs.
C, p < 0.01), and 15.4% in thosc with HBV/Ba (Bj vs. Ba, p <
0.01).

242 Intervirology 2005;48:239-245

p < 0.05

n=5 n=8

p=NS
n=97 n=159

Age =50 >50 =50 >50 =50 >50
HBV genotype HBV/Ba HBV/Bj HBV/C
Underlying liver - CH E:] LC

Diseases with HCC

Fig. 4. The underlying liver discascs, chronic hepatitis (CH) or
liver cirrhosis (LC), in HCC paticnts. In patients with HBV/Ba,
only 25.0% of the group aged 50 years or younger had LC, while
85.7% of the group aged oldcr than 50 years had LC (p < 0.01).
Howcver, in patients with HBV/Bj or HBV/C, the ratios of thc un-
derlying liver diseases were approximately identical even when
compared by age.

Mean Age and Frequency of Positive HBedg among

Patients with Each Genotype

The mean age of HBV/Bj patients (66.6 = 10.6 years)
was significantly higher than those with HBV/Ba (55.4 *
12.9 years, p < 0.01) and HBV/C (54.0 * 10.7 years, p <
0.01; table 2). The distribution of HBV genotypes in each
age group is shown in figure 2. In groups aged 35 years or
younger, 36-50 years, and 51-65 years, more than 90%
of HCC patients had HBV/C. On the other hand, n the
group aged older than 65 years, only 61.8% of the patients
had HBV/C while 30.9% had HBV/B;j (p < 0.01, group
aged older than 65 years vs. other age groups). HBV/Ba
tended to be found in the younger age group although the
number of patients with HBV/Ba was small in all
groups.

The frequency of positive HBeAg was 4.8% in patients
with HBV/Bj, compared with 39.4% in those with HBV/
C (Bj vs. C, p<0.01), and 15.4% in those with HBV/Ba
(Bj vs. Ba, p < 0.01; fig. 3).
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Underlying Liver Diseases

ANl HCC patients had underlying chronic liver diseas-
es, such as CH or LC. We compared the underlying liver
diseases among those aged 50 years or younger and those
aged older than 50 years by HBV genotype (fig. 4). In 13
patients with HBV/Ba, only 1 (20.0%) of the 5 patients
aged 50 years or younger had LC, while 7 (87.5%) of the
8 patients aged older than 50 years had LC (p < 0.05).
However, in patients with HBV/B;j or HBV/C, the ratios
of underlying liver diseases were approximately identical
even when compared by age. '

Discussion

The clinical and virologic features of patients with

chronic HBV infection are specific according to their

HBYV genotypes [4, 15]. However, to date, there has been
no report on the relationship between the HBV genotypes
of Ba, Bj and C, and the clinical characteristics of HCC
patients. We therefore analyzed the relationship between
the clinical characteristics of Japanese HCC patients
identified throughout Japan, and their HBV genotypes,
including the HBV subtypes of Ba and Bj. In this study,
we demonstrated that HBV/Ba (4.4%), HBV/Bj (7.4%)
and HBV/C (86.5%) were found in Japanese HCC pa-
tients, and that there were distinct clinical differences
among the three HBV genotypes, in geographic distribu-
tion, age distribution, and the frequency of positive
HBeAg.

Of the Japanese patients with chronic HBV infection,

including asymptomatic carriers, CH, LC and HCC,

1.7% were HBV/A, 12.2% HBV/B, 84.7% HBV/C, 0.4%
HBV/D, and the others 1.0%, as reported previously [7].
In this study, we collected 296 serum samples from pa-
tients with HCC throughout Japan. In addition, we re-
cently developed a new method for detecting HBV/Ba
and HBV/Bj with restriction fragment length polymor-
phism [11]. Thus, we showed that 1.0% was HBV/A, 4.4%
HBV/Ba, 7.4% HBV/Bj, 86.5% HBV/C, and mixed geno-
type 0.7% in Japanese HCC patients. This prevalence in
HCC patients is almost identical to that in all patients
with chronic HBV infection [7]. In addition, the geo-
graphic distribution of HBV/B and HBV/C in HCC pa-
tients is also identical to that in all patients. However,
when we analyzed the HBV subtypes of HBV/Ba and
HBV/Bj in patients with HBV/B, a high proportion of
patients with HBV/Bj is found in the highly endemic
HBV/B area, the Tohoku district and Okinawa, while the
prevalence of HBV/Ba is approximately identical be-

HCC and HBV Genotypes in Japan

tween the highly endemic HBV/C area, the other areasof
Japan, and the highly endemic HBV/B area. Thus, HBV/
Bj is specifically distributed in the Tohoku district and
Okinawa.

As reported previously, HBV/Ba is ubiquitous in all
Asian countries including Japan, although HBV/Bj is spe-
cific to Japan and is not found in other countries [11]. In
Okinawa, it is reported that a high proportion of patients
with chronic HBV infection have HBV/B and a good
prognosis compared with patients with HBV/C [16, 17].
In contrast, in Taiwan, closc to Japan, a highcr proportion
of patients aged SO years or younger with HBV/B have
HCC and CH [15]. The underlying liver diseases in those
who developed HCC were compared among each HBV
genotype group. In the HBV/Ba group, up to 75% of the
patients aged 50 years or younger had CH as the underly-
ing liver disease, compared with patients aged over 50
years. On the other hand, in the group with HBV/Bj or
HBV/C, more than 60% of the patients had LC regardless
of their age. The mean age of the patients with HBV/Ba
in Japan is more than 10 years younger than those with
HBV/Bj. So, more younger patients with HBV/Ba tend
to have CH than the other patients. However, the mo-
lecular mechanism is unclear why patients with HBV/Ba
develop HCC at a younger age and often have CH.

It is unclear why Japanese patients with HBV/B have
a good prognosis while Taiwanese patients with HBV/B
often have more advanced liver diseases, such as HCC.
The frequency of patients positive for HBeAg in the
HBV/Ba and HBV/C groups was higher than in the HBV/
Bj group. So, the viral activity of HBV may be higher in
patients with HBV/Ba or HBV/C than those with HBV/
Bj. Thus, these differences in subtypes of HBV/Ba and Bj
could be one of the reasons why the discrepancy in prog-
nosis exists between Japanese and Taiwanese patients
with HCC.

The differences in DNA sequences between HBV/Ba
and HBV/Bj can be characterized in the core gene [10].
It has been reported that HBV/Ba, not HBV/Bj, recom-
bines with HBV/C in the core gene. The product of the
core gene is reported to be a cytotoxic T-cell epitope [18],
suggesting that patients with HBV/Ba and HBV/C may
be exposed to severe immune responses for destroying
hepatocytes compared with thosc with HBV/Bj. In addi-
tion, patients with HBV/Ba more often have core pro-
moter mutations at nucleotide 1762/1764 than those with
HBV/Bj [11], which is associated with more advanced
liver diseases [6, 19]. Taken together, these facts may in-
dicate a poor prognosis in patients with HBV/Ba com-
pared to those with HBV/B;j.
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In the patients with HBV/C, the mean ALP and y-GTP
levels were higher than those with the other genotypes. In
this study, there may exist some bias of regarding the tu-
mor size of HCC between patients with HBV/C and the
other patients. It is considered that more patients with a
rather large size of HCC were found in the patients with
HBV/C, resulting in elevation in ALT and y-GTP lev-
els.

To investigate the hepatocarcinogenesis and risk fac-
tors of HCC, it is important to study the differences in
host, environmental and viral factors. The various ge-
netic alterations, such as mutations of cancer-associated
genes or loss of some chromosomes, are found in the HCC
cells [20]. However, the genetic polymorphism varies
among populations [21]. The differences in host genomes
are still unknown between Japanese and other Asian pop-
ulations. The association of environmental factors, such
as air, water and food contaminated with some chemical
agents, and HCC is still unclear, although aflatoxin affects
the mutation of p53 in HCC [22]. However, with respect
to the viral factors, a survey of the distribution of HBV
genotypes or subtypes will be important clues for solving
these problems.
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